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(54) atrnto^mi imtmwRrPt<o9m^ 



(57) [S*?J] 

[SIS] MOSFET{Dy-h*figilSlCJB!8««:X«^ 
im^^^l (111) -> 'J 3 1 0 ±(D H 

u-f 1 1 \,zm^ntzmm\z. ^- v^mm 20^ 

T. y-h«eiiiK2 O^li. (1 1 1) ->'J3>««1 0 
g®S i -Oi^frB 1 2 ->U=i>^{t:^i 3. Ta 

2 O5 1 4*^tySe^T#lBS;$nTV^^»T*S. 




(2) 



^SH 20OO — 22139 



1 

tii^Jii] (111) ■>'jzi>as±ic}gis$tifcM 

OS FETS:^tri|£«ftilST*oT. 

S i -OI&-^mt. Z<DS i -Oi^^^±lCJ^|^$tl. 

[iiJ*<^2] WIBMOS FETWy- hSUO. 85m 

0. 1 a t oni%*g|Tab-5C:<i:S:i»®frSI»*JSl 
[W*^3] mi^mS!® (Ill) ->Uzi>««±© 

HfifBs i -o^'km±\z. ismm»:snt^mm»i!)^'E>f3. 

[0 0 0 1] 
[0 0 0 2] 



2 

[0 0 0 3] L*^L^C*i^, MOS FET<7)y— hi^gi 
M{CTa2 Os l?®!iSSI«(^K*fflt,^^J|i^. T% (S 
i ^MtT 3 2 Os K®K) Iz, M«t?ir3a:tJJl$0DS 

y- h*eiai^®ll5?4Sg<tMP (Teff) * 

[0 0 04] Si Affile s i 02 m^mmt^mmit. 
tz. ■^<D±izmit'>>ja>m (s i N) m^ms^-r^m 

10 ^^t^s-d^ofc. ^-roSftll, S i Tj^Tftfe*^ T a 2 Os 
K'*"^l£»-r*®*6&lfc-r-5feie>t, Ta2 Os tS I 

02 /j^sis-r-sOT^KCfc^Tfes. 

[0 0 0 5] 

h^iiiKro-StlCT a2 O5 M5rfflt,i, y— hSg^j^cD 
l'^fi»^cl^fflS»5fc*J;:S i O2 ^S-J^fig-r-S-iMg** 

20 [0 0 0 6] *^ig<DBMtt> MOS F ETCDy- MI6 

^Z.tlZ$>^o 
[0 0 0 7] 

B M Sr^jST ^ >5: * (C t^T® J; p IC « j« $ nx t i ^ . 

( 1 ) (is*3i 1 ) <D¥^mi^mm\t. ( 1 1 

1) ->'J =i>Sffi±IC}gfiK^?n;tMOS FETSr-&tr# 
30 ^«:^MT*-dT. WIBMOSFETcoy-hJgfitiK 
«. WIBv'Uzi>S«©g^ffi®->U3>lg?^i;K3(l^ 
^^<t*^ife^Lfc*g©S i -Oj^^^t. JlWSi-O 

[0 0 0 8] *fg^®»*LV»*J6!i«i$UtTIC5^-r. 

[0 0 0 9] BffteMOS FETWy— hStiO. 8 5m 
mJEtTT^O. WIBy-hife8k»K>>"Jzi>K{ba»SL 
*^&^Ptt2. 6 nmJKT. WffiiteSe'fOS i fifgdt 
0. 1 a t om%*^T*-5. i^£*3. J:OJfSL,<tt. 

40 mtif&mm'piDs i asd^o. o o i a t omx^m-r^ 
[0 0 10] itrsBs i -Oie^B±t«r§a«6Jt)i*«it» 

(2) (»*JS3) ®¥#i*^g(DSjg*ft 
li. I|1««S© (111) ->Un>»«±ODBfS®« 

izys.-y-h^m0tr^T.mii, wjm^s.-y-h& 

t. iriH->un>ss±tf[ra3'5-y-h&«pj:5 
50 tcsrBiir&s^i^$^fijsr-&xg^. iitifimmfimm<D^m 



(3) 
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3 

I5S i -oi^^m±iz, ii6mmi^x\t^mmm^^ui> 
ji*-j^*3t-r -5 ig t * ^ t * t -r . 

[0 0 11] *^Bj<^jffS Ll»lllig*i«5rUiT»r5^-ro 

[0 0 12] iiie*e^^wj^j««. ±T«)^D-txt±6 

[0 0 13] Sa8E^5-y- h-<&JgfiE-r^Xg<D^. h9 

[0 0 14] ssrass i -oi^^jiwjgdctt, wsHSSje 

[0 0 15] fldlBS i -Oig-&ScD}g^«. hSISIHISBIS 

>*«±»C1 nmSacDS i O2 K^J^fSf-SXgt. 
6 0 orJE^TTSfllBS i OzmmmmiZ'^m^ i^tl )\^^ 
P«S*-r-5C<hlCioT, i O2 ^©^SSr^-fb-r^ 

xgt^^tr. 
[0 0 16] [f^ffl] ±SSlJSiS;tCj;t3T«T 

[0 0 17] ->U3>W (111) ®<D->U3>JS^{r 

[0 0 18] x> ^mm<D^mi*^mm:^mizj^tni, v 

[0 0 19] v-'J-y-'f K (C o S i 2 tiE) \t. ->'J a 

Tl<». v'J-y-'f KfDfiESaiWJCtt. CoSi2 

t*&i^^»7JiS7S^C o S i4'Co2 S i fj: t'd^lsfigT 
-5fc«6. ->'J3>® (100) ®±T«#ifeSfbbiC< 

[0 0 2 0] (100) ffilcML. ->'J n >« ( 1 1 
1) BTtt. S i K74^'^©:^^^n^/ta6. ^&<D 

[0 0 2 1 ] 



4 

•5. *^^CDi#^<*gS(r*3ViTfi. (1 1 1) ->ijzi 

>»ffi 1 0 ±«y-x h* u-i >mm. 1 1 ics^snfcmi^ 
• \z y- o 't-^ vx ^ y- h ® g i 5 

[0 0 2 3] ^LT, y-hite«iK2 

0 (1 1 1) V U n >Sfi 1 0 ©S^SCDv' 'J 3 > 

1 2 ->Un>^{t;M (S i -N) 13.ii5««^lK 
10 g(Ta2 05 #) 1 4^&^^^«^K•T?«fi£^nT^^-5> 

[0 0 2 4] 02 iC^T^OfC. ( 1 1 1 ) S 

*<iB5'JbTV»-5©T. ©IffllttM< S i -Ot^-^m 1 1 Sr 

S»/j:#ffi$:iaiitL-3)-3S i O2 BS:ffilS*-C»<-r-2) 

[0 0 2 51 :*«w, *f!iq*afflLfcMOS FET<OS 
iiXSlCOfc^TH 3 ~ 7 ©ieWr®0&#flgbTSiWr 

20 

[0 0 2 6] Jtf , 03 (a) iCS^Ti^JC. (11 
1) ®:^{4®#S»(*:->Ui3>S«l 0^ffi©lg^ii-«t® 
«ICgg$ 2 0 0 nmSS«SI^JgEE-r^o ^LT. iSCD 

ii^^J^ERf -SCtJCiO, hU>5^^^«t (ST I : Shal 
low Trench Isolation) <r>tztb(Dm=f-jifM.fi&BM3 1 $r 

A^ff-Dfe^. »«1 0©^S{C«6 nrngSWA^^W 

30 [0 0 2 7] '^\,^X. 0 3 (b) tC^f cteilC, :5^5- 
y-h«lBf<i:bT. LPCVDffi(CiOJpU->'J3>^ 
3 3i tvUn>S^kK3 32 5 0 nmS 

[0 0 2 8] 'A\,^X. 0 3 (c) \Zmt^O\Z. 3tUy 
^''^y-^ *fc«EBt8HICj;0, y-hJg^^je««t3 
UvXh/t^-> (^0^) SrJ^fiEL, R I EffiSrffll^ 
Xy- hJ^JS£^^«i^eA^1-®>'U3>^<bK3 3 2 
3j?'J->'JZl>lK3 3| ^X<;/5'>i/'^SL. ^5-y- 

40 

[0 0 2 9] 'A^^X. 04 (d) tC^T.fc'PtC. Jp'Jv 
'Jn>^33 i©«BlrJS$ 6 nm8S®ieffcie3 5* 
fi^fbtCJ:0)gfiK-r-5. 04 (e) {Zf^t^o 

\Z. ^^=-y-h3 SSvXi/tLT-f :t>ttA*fT-3 
Tn- J£t4^3 e^JgfiETS. SA^fKi. fisjAtfA 
s, 15keV. 3 X 1 0l4cin-2T*.&. CMOS* 

[0 0 3 01 ^JctiT. g4 (f) lc^-rj:5ir. ->U3 
50 >^^bl^*7 0nmaftitSUfc^^iSRl E-r-SCt 
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5 

m0S.-t^o 'A^^-v. 05 (g) \z^-r^z>iz. ys.-dr 

-h3 3 &y:<iyM«6»l^ 3 7 ^-?7.^i:LX'f:t>&K 
frf±, fisj^liAs, 4 5keV. 3 X 1 0 15 c m-2T$) 

[0 0 3 1 ] -Al^T. @ 5 ( h ) fC^-r cfc -5 »C. L P C 
VDirJ:OTEOS5Kgf{b]^3 9i^^®tC3 5 0 nm 

m^mm-r^, 05 (i) {c^-rj;^»c, cm 

Pffil3j;0TEOS»SE{bK3 9| <D«®*^a<bT-5 

CttCJi-DT. ^PBlS6gil^3 9 SrJg^rS. CKDt^, 
-> U :3 >S{kJi 3 3 2 RO^v U =i >^^bK*^ ^/i-5ffl!lM 

h 3 3di^i±i-r'5. 'A^-^-c. me (J) ics^-rj:^tc. 

h3 3©->Ua>^<blK3 32 *ilS?WlCl^*-r-5. d 
«i:#ffl!lM«6»K3 7 «->iJ a >^{bl^©±g5fex«v5^ 

[0 0 3 2] ifeHT. 06 (k) \Z^-t^'^\Z> CDE 
ffitC<t-l>y5-y-h®7i?U->U=l>M3 3 I <^|^^. 
H F Vi;fc':7 X h X -y 5^ > i^t:: J; ^ -> ij >K^bl^ 
32. 3S<r>U^^m'M.noz.L\z^y). 

^nmzm^A o^rj^fiE-r-s. 

[0 0 3 3] y- h*feigil^SZ^y- h«ffi^J^fiE 

e75^fj:l.^fcJ6, y- hJfei^^lCT 3 2 Os K-^ (Ba, 

s r) T i 03 tiEoyi^mm.^m.'^^winwm^m.mt 
[0 0 3 4] ifc. y- hmslc{i^^J^^^^^^gffl-r 
-h«a*J»*S^i£:-S7!»^&0. T i N. A 1 . W, R 

[0 0 3 5] y- h«fe^KtwTa2 Os 

[0 0 3 6] 06 (1) \z^-rj^o\z. iSL^IBiVlty 
KX(47 K 1 7 ^b7 >rog^}Kx«ii7K*SE 

^^JiCi'^ffllr^T. «gB4 0lcStBT^ (111) Si 

Sfil o®«iS0e«SK{bie^^b^wicj^fiEsnfcKfl: 



6 

me mmo. 2~0. 3nmS*) 05 

S i -OiK^Bl 2S:}g^-r ^. ^LT. ?l#^t»TT 
>*X7, >'7>«S:fflt^TS i Ngl 3Srl. 0 nm 

(g[{bmi^^j^rij(^,kf(5^J2ii)ir<tmj^^6-r«>. w 

Jr±SCVDStC<fct)Ta2 Os 1^1 4Sr 1 nmgg 

(K^b^MmKii) m^t^, ;r(Dj;riic-mtf. y- 

h«6iit^®^]^;fti2 nm (Kfbl^^ffMJP) KKT 
•5. 

[0 0 3 7] */c. y-h«g&M(DSiJ(DJgB£:^ffitLT 
10 li. i-ri nmegWS i O2 ^SrJgJSKb. CO^SS: 

S5g7>'*;p*«-3Tfi}a (6oot:EtT) -v^it (n 

2 y^Xv^lb) LTt>«tti. SiN^Ti^O. 7 nmg 
gJ^BESn-gxh. S i O2 HtiO. SnmSSti^O. 
tttSlmon o Lay e r«S i - Oig^^A^'SISSn 
S. ■€-®±ICCVD}i{rJ;0Ta2 OslKl 4*1 nm 

eg (figfbmm^KiP) }gfi£-rnti, y- hjei&iKJPii 

2nm (SEfbi^^^l^JP) KkTtU^. 
[0 0 3 8] t»-rtllrLTt>. (lll)ffi?^&©Si 

20 mo n o 1 a y e r ^Hi^L-^f t^. 

[0 0 3 9] y-h®ffitLTA*'JT^^';VT 
i N4 1 i:7JiWSX>:7A4 2 I S-5-n-eni 0 nm, 2 
5 0 nmeSit«-r-5. ^LT. 0 7 (m) IC^TJ:"? 
tC> CMPffilC<fc07;P5X9i»4 2 I (D^ffiSrSpjBfb 

[0 0 4 0] ^CDm«. S««L S I Sfjgyo-tXtl^ 
:/7XVTEOS*»e;JC-5SF»1«5»M4 3$:CV 

x9A*^f,fj:^±SBB^4 4 S:JgJ5Et--5<. 
30 [0 0 4 1 ] {il.±OJ;pfC, *^igtX±n«, ffid^T 

0. h7>v'X^®iBitt«e^b**ST*-5. 
[0 0 4 2] ±aiUAc*J6JgS8-7f4. S i -Oife 

^e<hTa2 05 mii<DmiZ'>') ^>mitm^it-»tiit 

Ttifc*^ >'Un>S<bK[Sr«t»TS i -OiB^SJiJC 

Ta2 O5 B^itftJ^^-r^dtfepItg-efe-S, 
[0 0 4 3] Ta2 05 ^«fiE^^. Ta2 0 

■rsfc«)tc. aS7X-JU4?T5. Cl<D7--JHg 

[0 0 4 4] <i:C5*i, 7r.-;ProigS*iil:SKt--5> 

^. ->'Ja>^'fb^S:i£j.Si:L/j:<;^£.5«T*^. «T 
\Z, -E-WCtlCO^iTlttlBTS. 
[0 0 4 5] S8(i. T i N/'Ta2 O5 /NOK/S 

tK^ii^^T^ttS (J. Elect rochea Soc. Vol. 143. No. 
50 3,P977(1996) ) T**. 0«f (a) ttO. 5Tor r 



(5) 
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m'i' (h) it±'^LtzT~-}imm<Dm:0. STorr 

[0 0 4 6] ■:fyX-^T-—)V^m.^n-:>tz'^>^)V\i 

-5ii5S7;i-;U?:ff ^t. ->'J=]>l^^*iTa2 Os IP 

[0 0 4 7] SEoT, Ta2 O5 ^IK^©:/D-tX^ 6 
T 32 O5 K©'J-i7«i^$>ffi)Wr-5C tTJ^T^ 

■5. ±^T, ->'J :3>ii^^(DT 3 2 05 

[0 0 4 8] e.{C. T 32 O5 ^"f ©S i CDigg 

(a) tr^Lfi-9->rJUA{iBE^#ffl^'f'T7 0 0«T? 

1 0:5J^FBl7;i-;Pi&ff ofcfccD. 09 (b) \Z^Vti^ 

[0 0 4 9] ■y->:/;i/A®Ta2 05 Ktfros i jas« 
0. 1 a t om%ggr. — :^-9->r^;uB©s i astt 

0. 0 0 1 %UtT («ltBE5^«T) Tfe-S. 
[0 0 5 0] -tJ->y;i^At-9->y;PB<»:t?«. 081-g5 

Se-:>T, T 32 O5 IK'f'WS i 0. lat 

[0 0 5 1] ^tz. ->3- h^r^;i'?;4m«{SM. iSS 30 
^^ItttloJ-h (S - f a c to rBSc») (OfttblZ. f— 
— hfi^^O. 0 8 SMirijUATCDMOSFETOD*^, y 

[0 0 5 2] fiEoT. y— hS*i0. 0 8 5 //mJfilTro 
MOSFETlrH, WIBy-h«eig!lK<0KJP*i2. 6n 
m (l!^bM^ffSl^it^Jl) JWT. 3 2 O5 j^tf"© « 

SiSSEA^O. 1 3 t om%iiLTTS>-5Cl<i:;iiS*$n 

[0 0 5 3] [^2*iSJg^] 01 0~1 2iT(S*^ 
2 3^igJg^Sriftig-r-5);ti6«MO S F E TgJjgX 

[0 0 5 4] 5fr. 010 ( 3 ) ir^-r^jgli. 0 3 
(c) »C5^L;fc«jilC«L. ->Un>S{LM*7 0 nm 



8 

[0 0 5 51 ;*:t,^T. 01 0 (b) lC^^J;'5{r. (1 

1 1) -><j:3>ssi o(D^j-xy I'U'f ymm±izm 

K V-XZ i' U^f i lS«i->gfiic-r 2.-. » L < t >. 

H2 7--;kd^. xt:^+->^;i.B£fiirj:oy-;^/ 

[0 0 5 6] ^©^'f *>aAII<tOXU">;'f5^y KV 

s. 4 5keV. 3 X 1 0 l5cin-2TS>-5. CMOS* 

^ % Sr *T ^ ^i- 1 1 -5 S ^ ^ o 

[0 0 5 7] -E-LT. ±mizco^mmvx7:^-)it 

KH" >tC o <h?:KJ5^-ia-T. n A jl^ h -> U "tJ-'f K 
(CoSi2) 8 2 SrJ^fiK-r-S, nc43. 3/N';H- -> 'J -y- 
-f K^^JC. NiSi2. PtSi. Pd2Si ^CO;;^ 
:$';U->'J-tt-'f h'SrJ^)s£-r^Ci:75tnIligT*-5. (11 

1) ffi:?rfi:»s i^STii. ctii^yu-*)-^ \^itmm& 

[0 0 5 8] J*:ViT. 010 ( c ) iZ^tJz Viz. LP 
CVD(rJ;OTEOS5^S!{kK3 9i ^ifeSlC 3 5 On 

mgaitg[-r-5. "tLx, 011 (d) {c^-r«j;pic, 

CMP}ilC<fcOTEOS»KfblK3 9i 

^rBl«fe^lK3 9*JgBET^o ->Un>S 
itm3 32 Rt^fi3M«6»)K3 7;!»«CMP©7. hyZ-^-i: 

[0 0 5 9] 011 (e) ir^-rj;5ic, J^-y 

3(Z)->«JIl>^{t:^3 32 SraiRMlCK^^-r-S. CKOi 

^mmmmims 7©->ua>a<tK©±ffit)X-y^>i/ 

$n-5.fc*. fi'Jig*eig^^3 7(DiB!$*i^-^<g<;^c?., 
[0 0 6 0] '^\,^x, 011 ( f ) ic^-r J; ^ IC, CD 
Eftl3j;Sy5-y-h©jp'J->'Ji]>M3 3i OK? 
^, HFtCi^.'^i .V hx-y5^>i/?&ff^CoT->Un> 

S!^kK3 2, 3 ss-^^-r-sciicjco, y-hmes.^ 
^mmizmm4 o^m&r^o -a^-^x. 012 (g) ic 
^■rj:5»c, mimmmmzmi^rzm0s.:^mi:mmf^m 

ffiSrfflt^T. Si-0^^ai2. SiN^13. Ta 
2O5M14. T i N4 lRU7)VS.-'yA4 2i 
fiET-S. -e-LT. 012 (h) iZ^rJ^v\Z. CMP^fe 

t:m\f->xT)is.—'yA4 2\ (Dttmiw-m^Lx. y— 
[0 0 6 1] ^(Dmit. aaoL s I ssjgyn-fexiig 

fiST. 012 (I) ir^-r<t5IC. :/7XVTEOS*» 
e;^£-5^rBl*6^M4 3SrCVDICiO>^fiEbfc^n>"^' 

h^-)i^m^L. T)i'S.-'yAib^^tj.i>±msim4 
4^m0SLr^. 

[0 0 6 2] Sk±<D^olZ. *3R!WlC±tltf. ffifE^T 
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[0 0 6 3] st*3. ^mmit, ±mmmmmizm^^n 

1^©M O S F E T ©SiSXg Srffl t»T t)fPiS-r -5 ;i t *i 
[0 0 6 4] X, ±ffiSllfiJg<iT{i. jeaStLTTa 

[0 0 6 5] •eco^l'Srjg)KL/j:li 
[0 0 6 6] 

[5!?q®«i^] &.±mmLrzi:otz^mmiziinii, s 



10 



to 



20 



m2} fsimmmmiz^i:>^^mi^m&<Dmj&j:m=S: . 
ms] f^immmmizmt>?>¥^mi^ms<Dmmj:mi 
m4] mimi&mmiz^^t:>^^mi^&m<Dmj&j:m^ 
msi mimmmmiz^t>^i¥'m^ms<^mmi:m^ 

^TXgfrffiS, 30 

[@6] f^immmwnz^t>^^mi^mmi<DmmT.m^ 
[@7] mimt&mmnz%t>i>i^mi^mm<Dmmj:m^ 

[08] T i N/Ta2 Os /NOK/S * 



[09] T 32 O5 

••-.Ea-jTC- 

[0 12] m2mmmmi\zmt>^^m»ms<Dmmi:m 

S:^-rxg»f®0. 

1 0 •• (1 1 1) ->"ja>«« 

1 1 -V-T. ' Kl^-f 



•s i -om^m 



1 2 

1 3 "S I Nm 

1 4- - T 32 O5 ^ 
1 5- 

3 1 -m^^mt^m^ 
3 2 • -Mig^kie 

3 3 -^s-y- h 

3 3|- -5}?'J>''J3>K 

3 3 2 - ->'Jn>S<tK 

3 5 -ffiYt^ 

3 6-n- ti:mm 
3 7 -fliiMijei^K 
3 8-n+ mmm 
3 9 -•grBi«e#K 

3 9i - TEOS^SEfbK 

4 0 "3!g6 

4 1 •T i N 
4 2 - y-h«ffi 
4 2yT)l'S.—'yL. 
4 3 - g|@«gltM ; 
4 4 - ±^iH^ 

8 1 •••n+ mmm 

8 2- -nA;H>->'J-y--f K 



[0 2] 



[08] 




— ' 13S*OJI(1mongiayBr) 



12 



O O OMS?) 
# Si (i''Ja>B7) 




400 



500 600 700 



800 



^BB 2000 — 221 39 




(8) 



^832 O 00 — 221 39 




— 10 



[011] 

[0 7] 




(9) 



4$BB2 OOO — 221 39 



m9] 




(10) 



^682 000 — 221 39 



Fi5^-A(##) 5F040 DAOO DA13 DCOl ECOl EC04 
r-i : c:;, r, . > ECQS/ECIO ED02 ED03 EF02 
EFll EHOl EH02 EH05 EJ03 
EJ09 EK05 FAOl FA02 FB02 
FB05 FB07 FB08 FC02 FC06 
FCIO FC28 



